INTRODUCTION
The most essential requirement for controlling the film deposition processes in plasma CVD is the detection of neutral species composing the plasma. One of the popular techniques for this purpose is electron impact mass spectrometry / I / , but this technique provides no definite information on the compositional structures of unknown gaseous samples, due to the so-called fragmentation of molecular species. A more reliable means for diagnosing low-temperature plasmas has therefore been awaited for long.
In field ionization mass spectrometry (FI M S ) , gas molecules are ionized through electron tunneling, so they hardly suffer fragmentation upon being ionized /2/. Recently, we combined an r.f. plasma chamber with a quadruple mass spectrometer (QMS) equipped with an FI source, and confirmed that FI MS is well suited for the detection of neutral species in organic plasmas. This paper deals with preliminary results obtained for typical organic substances.
EXPERIMENTAL
In Fig. 1 is shown schematically the experimental setup employed. This type of coupling of FI source with Q M S has been described in detail elsewhere /3/. The FI source, pumped down to 3x10-* Torr prior to measurement, was separated from the plasma chamber, by an orifice with a conductance of 1 cc/s. A glow discharge was sustained by r.f. power (13.56 MHz, (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) coupled through a coil into sample gas flowing through the plasma chamber. The FI source was operated at 2-3x10-5 Torr, with the chamber pressure maintained at 1-2 Torr. The emitter and cathode potentials were kept at 0.03 and 9 kV, respectively, during measurement, and H-T activated emitters /2/ were used for generating field ions, throughout the course of the experiments.
RESULTS AND DISCUSSION
Styrene monomer (C8H8) has most widely been used for plasma CVD of polymer films. Shown in Fig. 2(a) is the FI mass spectrum of styrene, displaying an overwhelmingly intense molecular ion signal. The peak H~O + was caused by the protonation of water molecules adsorbed on the emitter surface /4/, thus specific to FI MS in an unbaked ambient. The spectrum given in Fig. 2(b) was recorded by operating the r.f. power supply, which involved a lot of signals originating from reaction products in the plasma. It is also characterized by the parent signal reduced by a factor of two, and this implies that chemical reactions in the plasma took place at the expense of styrene molecules.
The most prominent secondary signals in Fig. 2 (b) are those at m/e 121 and 128, the latter of which was formed by naphthalene molecules. Unfortunately, the peak at m/e 121 could not be identified, because this mass number did not correspond to any probable combination of C and H. The benzene signal (m/e 78) is also seen in Fig. 2(b) , and this clearly indicates a stable nature of the benzene ring structure. The signals seen at m/e 102 and 106 would be direct derivatives of parent molecules. Perhaps, the former was due to the extraction of molecular hydrogen from styrene molecules, and the attachment of H2 to styrene molecules would be responsible for the latter signal.
Strong atomic bondings in benzene rings were demonstrated more clearly in FI mass spectra of benzene plasma. As typically shown in Fig. 3 , most reaction products in benzene plasma were detected at higher mass regions, reflecting less-enhanced decomposition processes. As well known, electrical discharge is sustained by collisions between electrons and neutral species, so that decomposition processes are generally predominant in discharge plasma. The data given in Fig. 3 , however, strongly suggests that polymerization reactions are leading processes in some organic plasma. During this measurement, the wall of the plasma chamber became opaque. Presumably, polymerized species such as Cl2HI0 deposited on the wall to 
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form a polymer f i l m .
As i l l u s t r a t e d above, a wide range o f r e a c t i o n p r o d u c t s a r e i n v o l v e d i n o r g a n i c plasmas.
I t h a s been s a i d t h a t , a l o n g w i t h polymerized molecular s p e c i e s , r a d i c a l s p l a y an i m p o r t a n t r o l e i n plasma p o l y m e r i z a t i o n .
I n t h e examples d e s c r i b e d above, r a d i c a l s c o u l d n o t be found i n s i g n i f i c a n t amounts. When t h e mother s p e c i e s was a n o l e f i n e compound, t h e p e r t i n e n t plasma was r i c h w i t h r a d i c a l s .
F i g u r e 4 shows t h e F I spectrum o f e t h y l e n e plasma, which c o n t a i n s a r a t h e r i n t e n s e s i g n a l a t m/e 29. The s i g n a l c o r r e s p o n d s t o C2H5', and t h i s r a d i c a l is t h o u g h t t o a r i s e from r e a c t i o n of e t h y l e n e molecules w i t h atomic hydrogen (Table 1 ) . Reaction schemes f o r o t h e r F i g . 3. F I mass spectrum o f benzene plasma. species are also proposed in Table 1 , all of which presume the presence of large amounts of H and H2. This assumption was quite reasonable because abundant H+ and H~+ ions were detected from ethylene plasma. In view of high ionization potentials of H (13.56 eV) and H2 (15.43 eV) , the detection of H+ and H~+ signals is surprising. We imagine that collision processes excited H and H2 in the plasma, thereby increasing their ionization probabilities. 
CONCLUDING REMARKS
The experimental findings described above demonstrated the applicability of FI MS for the diagnosis of glow discharge plasma. In this respect, the present investigation is rather significant scientifically, regardless of its primitive nature. In addition to plasma CVD, glow discharge plasma has a variety of applications, which include gas lasers and plasma processing of semiconductors. The elucidation of physical and chemical processes underlying glow discharge has therefore been a great concern in plasma science, but no satisfactory solution has been found as yet, due mainly to the lack of promising technique for diagnosing glow discharge plasma /5/.
We believe that FI MS has a potential application to solving such a more general problem in plasma science. This work was supported by the Ministry of Education, Science and Culture, Japan, through the Grant-in-Aid for Scientific Research, No. 60460072.
